Unravelling technology-acceptance factors influencing farmer use of banana tissue culture planting materials in Central Uganda by Mulugo, L. et al.
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rajs20
African Journal of Science, Technology, Innovation and
Development
ISSN: 2042-1338 (Print) 2042-1346 (Online) Journal homepage: https://www.tandfonline.com/loi/rajs20
Unravelling technology-acceptance factors
influencing farmer use of banana tissue culture
planting materials in Central Uganda
Lucy Mulugo, Florence Birungi Kyazze, Paul Kibwika, Enoch Kikulwe, Aman
Bonaventure Omondi & Susan Ajambo
To cite this article: Lucy Mulugo, Florence Birungi Kyazze, Paul Kibwika, Enoch Kikulwe,
Aman Bonaventure Omondi & Susan Ajambo (2019): Unravelling technology-acceptance
factors influencing farmer use of banana tissue culture planting materials in Central
Uganda, African Journal of Science, Technology, Innovation and Development, DOI:
10.1080/20421338.2019.1634900
To link to this article:  https://doi.org/10.1080/20421338.2019.1634900
© 2019 The Author(s). Co-published by NISC
Pty (Ltd) and Informa UK Limited, trading as
Taylor & Francis Group
Published online: 02 Aug 2019.
Submit your article to this journal 
Article views: 493
View related articles 
View Crossmark data
Unravelling technology-acceptance factors inﬂuencing farmer use of banana tissue culture
planting materials in Central Uganda
Lucy Mulugo1*, Florence Birungi Kyazze1, Paul Kibwika1, Enoch Kikulwe2, Aman Bonaventure Omondi3 and
Susan Ajambo2
1Department of Extension and Innovation Studies, School of Agricultural Sciences, College of Agricultural and Environmental Sciences,
Makerere University, Kampala, Uganda
2Bioversity International, Plot 106, Katalima Road, P.O. Box 24384, Kampala, Uganda
3Bioversity International C/O IITA/Benin Research Station, Cotonou, Benin
*Corresponding author email: mulugo@caes.mak.ac.ug
Effective management of plant health is fundamental for food and income security to meet the growing demands of local
and global markets. This however requires farmers’ adequate access to quality planting materials under the prevailing
contextual and psycho-social factors. This study, anchored in the Uniﬁed Theory of Acceptance and Use of
Technologies, unravels technology-acceptance factors that inﬂuence farmers’ intentions to use banana tissue culture
planting materials in the control of Banana Xanthomonas Wilt. Data were collected from 248 randomly sampled banana
farmers using a structured questionnaire and analyzed using structural equation modelling to examine hypothesized
paths in the uptake of banana tissue culture planting materials. Results show that farmer intentions to use tissue culture
planting materials are dependent on two constructs: social inﬂuence and farmer innovativeness. However, social
inﬂuence is the main predictor of intentions to use tissue culture planting materials. In particular, farmer innovativeness
mediates facilitating conditions and social inﬂuence in predicting intentions to use tissue culture planting materials.
Thus, this study reveals two factors that inﬂuence farmer intentions to use tissue culture planting materials: social
inﬂuence and farmer innovativeness. The ﬁndings imply that social inﬂuence and farmer innovativeness are critical in
disseminating novel agricultural technologies in Uganda and elsewhere.
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Introduction
Good plant health is fundamental to ensure food and
income security among smallholder farmers, so as to
meet the demands of local and global markets (Danielsen
et al. 2013). Likewise, effective plant healthcare is essen-
tial for producing healthy crops for both human and
animal consumption (Karubanga, Matsiko, and Danielsen
2017), as well as for non-food purposes (Danielsen et al.
2012). However, substantial amounts of crop produce
are lost every year due to plant health problems (Karu-
banga, Matsiko, and Danielsen 2017).
In sub-Saharan Africa, most of these losses are mainly
due to pests and diseases associated with seed saved from
previous harvests, that smallholder farmers rely on for
planting material. In rural farming communities, the infor-
mal seed system1 is usually preferred to the formal seed
system.2 Even when seed is available from the market,
farmers often prefer using their own seed to save money
and avert risks associated with the crops they grow (e.g.
changes in weather, pests and erratic market prices). For
example, in informal systems mostly in developing
countries, the seed from vegetatively propagated crops
such as banana is mainly produced locally. More than
90% of farmers in the banana farming systems in East
and Central Africa rely on suckers sourced from friends,
neighbours, relatives and/or their own ﬁelds to establish
new banana gardens (Smith et al. 2008; Lwandasa et al.
2014). However, the banana planting material they use is
seldom certiﬁably disease free, which poses a high risk
of transmitting pests and diseases across farms (Jogo
et al. 2013). Seed-borne pests and diseases3 continue to
be a serious threat to banana production, more so in
areas where the planting material is of poor quality and/
or scarce.
Banana Xanthomonas Wilt (BXW) caused by the bac-
terium Xanthomonas campestrisn pv. musacearum is a
major threat to food and income security among small-
holder farmers in Uganda, especially in the areas where
banana is an important staple and cash crop. If uncon-
trolled, BXW can eventually cause an estimated pro-
duction loss of the banana crop of about 53% over a 10-
year period (Tripathi et al. 2009), equivalent to a reduction
from 10.5 to 5.6 million metric tonnes per year (FAOSTAT
2013). The disease can potentially decimate the entire crop
where highly susceptible cultivars are grown (Kubiriba
et al. 2012). Between 2002–2005, it is estimated that the
disease caused a total loss equivalent to 61.1 million
dollars to the country, mainly associated with the East
African Highland Banana (EAHB) ‘Matooke’ (AAA-
EAHB genome group) and the ‘Kayinja’ beer banana
(ABB genome group) (Tushemereirwe et al. 2009). To
avert the situation, use of tissue culture (TC) banana
(Musa spp.) planting materials is one of the strategies
that has been promoted for controlling the BXW disease.
Using TC banana planting material is an effective
method of providing pest- and disease-free plants
(Dubois et al. 2013), guaranteed by high standards in the
production process. It is therefore argued that as a
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control measure in the spread of BXW, TC banana plant-
ing materials4 can be of high quality (Wambugu et al.
2000) and consequently of utmost relevance for boosting
banana productivity since they aid in the establishment
of clean banana plantations – void of BXW.
Campaigns against BXW have since focused on
encouraging farmers to adopt TC seedlings as a technol-
ogy. However, the uptake of TC seedlings remains low
(Jogo et al. 2013), at less than 7% of the total banana cov-
erage in the country (Dubois et al. 2013). Previous
research assessing adoption of TC banana planting
materials has mainly focused on economic factors such
as high cost of seedlings, and higher labour and input
requirements (Muyanga 2009; Njau et al. 2011;
Kabunga, Dubois, and Qaim 2012). Little attention has
been paid to studying how farmers’ beliefs and attitudes
towards TC banana planting materials affects their inten-
tions to use them to control BXW. Speciﬁcally, two objec-
tives are addressed in this study: ﬁrst, to identify and
describe the contextual and psycho-social technology-
acceptance factors that inﬂuence the use of TC banana
planting materials in Uganda; and second, to explore
their effects on the uptake of TC banana planting material.
To our knowledge, there are no studies that have explicitly
analyzed and explained how farmers’ beliefs and attitudes
predict acceptance and use of TC banana planting
materials in combatting BXW. Our contribution to the lit-
erature is twofold: First, the study applies the Uniﬁed
Theory of Acceptance and Use of Technology (UTAUT)
model to an agricultural technology-adoption context in
a developing country. Second, we extend the UTAUT
model by including two additional variables that inﬂuence
uptake of new technologies: perceived quality and farmer
innovativeness.
Theoretical framework
The technology-acceptance factors can negatively affect
farmers’ decisions to use TC banana planting materials.
In this study, we use the Uniﬁed Theory of Acceptance
and Use of Technology (UTAUT) to examine the effect
of technology-acceptance factors on TC banana planting
materials uptake in Central Uganda. We expect that under-
standing these factors could help increase uptake of TC
banana planting material. Recent applications of UTAUT
for assessing uptake of a new technology such as TC
banana include: Wu, Tao, and Yang (2007); Maldonado
et al. (2009); Islam and Grönlund (2011); and Taiwo and
Downe (2013). Speciﬁcally, UTAUT has been applied to
examine rural farmers’ adoption of agricultural infor-
mation technology services (Wu 2012); farmers’ uptake
of solar water pump technology in Northern Pakistan
(Zhou and Abdullah 2017), and farmers’ acceptance of
pressurized irrigation technology (Nejadrezaei et al.
2018).
UTAUT is one of the new models in the domain of
technology acceptance and compared to other widely-
used theories such as the Technology Acceptance Model
(TAM), Innovation Diffusion Theory (IDT) and Theory
of Planned Behavior (TPB), it utilizes a more integrative
approach, combining variables from existing theories as
predictors of technology acceptance and usage
(Nejadrezaei et al. 2018). The Uniﬁed Theory of Accep-
tance and Use of Technology integrates constructs across
eight models that include: the Technology Acceptance
Model (TAM) (Davis 1989), the Theory of Reasoned
Action (TRA) (Fishbein and Ajzen 1975), the theory of
Planned Behavior (TPB) (Ajzen 1991), the Combined
TAM and TPB (Taylor and Todd 1995), the Innovation
Diffusion Theory (IDT) (Rogers 2003), the Social Cogni-
tive Theory (SCT) (Bandura 1989), the Motivational
Model (MM) (Davis, Bagozzi, and Warshaw 1992), and
the Model of PC Utilization (MPCU) (Thompson,
Higgins, and Howell 1991). Consequently, it has a better
predictive value than any one individual theory (San
Martín and Herrero 2012; Okumus et al. 2018).
In explaining intentions to use technologies, UTAUT
uses the concepts of social inﬂuence, facilitating con-
ditions, effort expectancy and performance expectancy.
The promotion of TC planting materials amongst small-
holder farmers for adoption mirrors this structural set of
the UTAUT model in the sense that the focus is on
farmers’ acceptance of TC as a technology. UTAUT
explains that people accept new ideas, such as using
banana TC planting materials, following a series of
complex mental processes in which intentions precede be-
haviour (Venkatesh et al. 2003; Islam and Grönlund 2011).
However, the concept of effort expectancy, which recounts
the extent to which a farmer believes that using TC plant-
ing material is free of effort, was dropped in the analytical
framework because it is a notion farmers in the current
study communities are ardently aware of, having inter-
faced with this technology for over a decade now. Sub-
sequently, we integrate farmer innovativeness and
perceived quality of the technology as additional determi-
nants of farmer acceptance and use of the TC banana tech-
nology. Previous studies have shown higher
innovativeness in individuals to be associated with posi-
tive beliefs and perceptions towards technology uptake
(Ali, Nair, and Hussain 2016; Okumus et al. 2018). Simi-
larly, farmer perceptions of the quality of proposed plant-
ing materials have also been shown to be of signiﬁcance
for the acceptance and eventual use of proposed technol-
ogies (Andrade-Piedra et al. 2016). Thus, farmer innova-
tiveness and perceived quality of the planting materials
may be essential determinants of farmers’ acceptance of
the TC technology.
Previous research (Venkatesh, Thong, and Xu 2012;
Ali, Nair, and Hussain 2016; Okumus et al. 2018)
showed that intention to use a technology is the most sig-
niﬁcant predictor for uptake behaviour and actual usage.
Ajzen (1991) asserted that individuals’ intentions capture
the motivational aspects that affect their behaviour and
indicate any individual’s willingness to develop an
action. A common construct that explains intentions is
social inﬂuence. For this study, social inﬂuence is
deﬁned as the degree to which a farmer perceives that rel-
evant people believe that he or she should use a technol-
ogy (Taylor and Todd 1995). El-Gayar, Moran, and
Hawkes (2011) argue that social inﬂuence triggers individ-
uals’ behavioural intentions to use new technologies and
various scholars (Abushanab and Pearson 2007; Eckhardt,
Laumer, and Weitzel 2009; Ali, Nair, and Hussain 2016;
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Okumus et al. 2018) attest to this. Since banana cultivation
is embedded in the cultural values of exchange of planting
materials and traditional practices (Mulugo 2019), the
pressures created by social interactions and norms may
motivate farmers in the uptake of TC as banana planting
materials in the control of BXW. In the context of this
study, social inﬂuence is operationalized as being per-
suaded (informed) by faith based organizations,
members of the community and farmer groups to use TC
planting materials in growing bananas. It can thus be
assumed that social inﬂuence on the use of TC banana
planting materials will inﬂuence farmer uptake intentions.
Facilitating conditions as a construct describes the
degree to which a farmer believes that organizational
and technical infrastructure exist to support his or her
use of TC as banana planting material. A number of
studies attest and conﬁrm the effect of facilitating con-
ditions on acceptance and usage of technologies (Venka-
tesh, Thong, and Xu 2012; Ali, Nair, and Hussain 2016;
Okumus et al. 2018). Increasing levels of facilitating con-
ditions are expected to reduce levels of uncertainty or
ambiguity with the TC banana technology (Al-Gahtani,
Hubona, and Wang 2007). For instance, Alawadhi and
Morris (2008) tested and conﬁrmed the signiﬁcant effect
of facilitating conditions on students’ use of e-government
services. In another study, Lakhal, Khechine, and Pascot
(2013) veriﬁed facilitating conditions as a signiﬁcant
determinant of students’ intentions to use desktop video
conferencing in a distance learning course. In the
context of this study, ‘facilitating conditions’ are operatio-
nalized as TC nurseries having demonstration gardens
and the TC nursery operators being willing to provide
information to intending users on how to plant and
manage the TC planting materials. It can therefore be
assumed that facilitating conditions will inﬂuence uptake
intentions for TC banana planting materials. Perceived
seed quality on the other hand is described as the degree
to which a farmer believes that TC planting materials
are free of pests and diseases (particularly BXW) and
are of high genetic purity (RTB 2016). Studies (Abay,
Waters-Bayer, and Bjørnstad 2008; Kraft, de Jesús Luna-
Ruíz, and Gepts 2010; Andrade-Piedra et al. 2016) attest
and conﬁrm the importance of seed quality in farmer
acceptance and use of technologies. High perception
levels of the quality of TC planting materials are expected
to motivate farmers in their use of TC banana planting
materials since their uncertainty/risk as a potential means
of spreading BXW in farmers’ banana crop is reduced.
In the perspective of this research, seed quality is operatio-
nalized as TC planting materials being perceived as pest
and BXW free and void of mutants. It is, as such,
assumed that farmers’ perceived quality of TC banana
planting materials will inﬂuence their intentions to use
this technology.
Performance expectancy is contextualized in this
study as the extent to which a banana farmer believes
that the use of TC as banana planting material enhances
the performance and output from his or her banana
plantation(s) (Compeau and Higgins 1995). Previous
studies have shown that intention to use a technology
or system is signiﬁcantly predicted by performance
expectancy (Slade et al. 2015; Ali, Nair, and Hussain
2016; Okumus et al. 2018). Biemans et al. (2005)
revealed that performance expectancy is a high predictor
of a nurse’s behavioural intention to use medical telecon-
ferencing applications. Similarly, Fang, Li, and Liu
(2008) showed that performance expectancy signiﬁcantly
predicts managers’ intentions to engage in knowledge
sharing using web2.0. We therefore presume that per-
formance expectancy has a direct effect on TC technol-
ogy uptake intentions. In light of this study,
performance expectancy was operationalized as TC
planting materials yielding marketable large sized
banana bunches and many suckers. Thus, we
further postulate that farmers’ perceived performance
expectancy of TC banana planting materials will posi-
tively inﬂuence uptake intentions of the TC banana
technology.
Farmer innovativeness in the perspective of this study
is the degree to which a farmer is receptive to new agricul-
tural related ideas and makes innovative decisions inde-
pendently of the communicated experience of others
(Midgley and Dowling 1978). Previous studies have dis-
cussed the inﬂuence of innovativeness on individuals’ per-
ceptions and behaviours and its role in determining users’
acceptance of technologies (Lu et al. 2003; Lu, Yao, and
Yu 2005; Yi and Probst 2006; Turan, Tunç, and Zehir
2015). For instance, Okumus et al. (2018) showed individ-
ual innovativeness to be a signiﬁcant predictor of restau-
rant customers’ intentions to use smartphone diet apps
while ordering food. Additionally, Liu, Li, and Carlsson
(2010) revealed that innovativeness was a signiﬁcant pre-
dictor of Chinese students’ intentions to use mobile learn-
ing. In the ﬁeld of self-service technologies, Chen (2008)
also found that an individual’s innovativeness directly
inﬂuenced intentions to purchase and use these technol-
ogies. For this study, farmer innovativeness was operatio-
nalized as farmer willingness to creatively integrate the
use of TC planting materials with their local knowledge
and other available materials in the control and manage-
ment of BXW. We expect farmers’ innovativeness to inﬂu-
ence TC planting materials uptake intentions. Moreover,
highly innovative farmers may have better perceptions
of TC planting materials in terms of facilitating conditions,
inﬂuencing their uptake intentions compared to less inno-
vative farmers (Okumus et al. 2018). Likewise, San Martín
and Herrero (2012) argued that individuals with higher
innovativeness are less inﬂuenced by others’ opinions
about technological innovations. Thus, higher innovative-
ness may result in weaker social inﬂuence on adoption and
uptake of the TC technology. Consequently, for highly
innovative users, facilitating conditions and social inﬂu-
ence may be less inﬂuential when adopting a technology.
Methodology
In this section, we ﬁrst describe the research design, with
some a priori expectations. Next, we describe the selec-
tion of participants and collection of data, including how
items were measured. Finally, we discuss the different
components of the data collected for SEM analysis and
present some descriptive statistics.
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Research design
This study employs a structural equation modelling (SEM)
approach to develop a research model that represents the
relationships among six variables as adapted from
UTAUT (Venkatesh et al. 2003). The six variables
include: intention to use TC planting materials, social
inﬂuence, facilitating conditions, perceived quality of
TC technology, performance expectancy, and farmer inno-
vativeness, as shown in Figure 1.
Based on the research model above, nine hypotheses
were formulated:
H1: Social inﬂuence has a positive and signiﬁcant inﬂu-
ence on farmer intentions to use banana TC planting
materials.
H2: Social inﬂuence has a positive and signiﬁcant inﬂu-
ence on farmer innovativeness in the use of banana
TC planting materials.
H3: Facilitating conditions have a positive and signiﬁcant
inﬂuence on farmer intentions to use banana TC
planting materials.
H4: Facilitating conditions have a positive and signiﬁcant
inﬂuence on farmer innovativeness to use banana TC
planting materials.
H5: Farmers’ perceived quality of banana TC planting
materials has a positive and signiﬁcant inﬂuence on
their intentions to use banana TC planting materials.
H6: Performance expectancy has a positive and signiﬁcant
inﬂuence on farmer intentions to use banana TC
planting materials.
H7: Farmer innovativeness has a positive and signiﬁcant
inﬂuence on farmer intentions to use banana TC
planting materials.
H8: Social inﬂuence is mediated by farmer innovativeness
in predicting farmer intentions to use banana TC
planting materials.
H9: Facilitating conditions is mediated by farmer innova-
tiveness in predicting farmer intentions to use banana
TC planting materials.
Research participants and data collection methods
A total of 248 banana farmers were randomly sampled
from two farming communities (Figure 2) that hosted
community-based banana TC nurseries in Luweero and
Mukono districts in Central Uganda using a village
listing. The selected sample represented about 24% of
the 1060 banana farmers in the study communities
(Table 1). Data were collected using a structured question-
naire through face-to-face interviews. Data elicited
included demographic information and farmers’ responses
to multiple items measuring each construct reﬂected in the
research model of Figure 1. Notably, informed consent
from the participating farmers was obtained prior to the
individual interviews.
Measures
To measure the constructs in this study, 21 statements were
used. Social inﬂuence (SI) was measured with 3 items (e.g.
‘If I am informed about TC seed by a faith-based leader in
my church/mosque, then I can use it as banana seed’).
Facilitating conditions (FC) was measured with 3 items
(e.g. ‘The TC nursery operator is welcoming and willingly
provides information on how to plant TC seed’), and per-
ceived quality (PQ) had 3 items (e.g. ‘TC seed is BXW
free’) as proposed by RTB (2016). The performance
expectancy (PE) variable had 4 items (e.g. ‘TC seed
yields bunches with large banana ﬁngers’) as well as
farmer innovativeness (FI) variable (e.g. ‘I apply wood
ash around TC banana mats that have exhibited BXW
symptoms to prevent further infection’). Finally, the inten-
tion for uptake of TC technology (IU) had 4 items (e.g.
Given the chance, I intend to use TC seed when expanding
my banana plantation) as adapted from Okumus et al.
(2018). Each item was measured on a ﬁve-point Likert
scale with 1 = strongly disagree, 2 = disagree, 3 = neutral,
4 = agree and 5 = strongly agree.
Figure 1: Research model illustrating the hypothetical inﬂuence of technology acceptance factors on intentions to use TC banana plant-
ing materials.
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Figure 2. Map showing the study areas.
Table 1: Number of farmers selected for the study.
Location Total number of farmers Number of farmers selected
Village: Nambi Luwero district 500 122
Village: Gonve Mukono district 560 126
Total 1060 248
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Assessment of assumptions for SEM analysis
Preceding path analysis, four assumptions of SEM were
assessed, namely: Normality, measurement validity, con-
vergent validity, discriminant validity and multicolinear-
ity. First, the normality of the data was examined.
Skewness and kurtosis stretched from −1.89–1.25 and
−0.57–5.04 respectively (Table 2). Following Kline’s
(2005) recommendations that the skewness and kurtosis
indices should be within 3 and 10 respectively, the data
in this study are regarded as normal.
Secondly, measurement validity was assessed using
construct reliability (CR), instead of Cronbach’s alpha
because the latter understates reliability (Hair et al.
2006). The precondition is that CR = 0.70 and above to
satisfy measurement validity (Nunnally and Bernstein
1994). Convergent validity, concerned with whether
observable variables (items) share adequate variance in
the construct/latent variable was assessed using two indi-
cators; namely factor loadings and AVE. This study
adopted the criteria of Hair et al. (1998) on assessing
factor loadings. They specify that a minimum threshold
value of 0.4 for a sample size of 200 is adequate for con-
ﬁrming convergent validity. The AVE minimum threshold
value adopted for this study in assessing convergent val-
idity was 0.5 as suggested by Segars (1977). Discriminant
validity was assessed by comparing the values of corre-
lates to square root of AVE values. The preconditions
are that the correlates must be smaller than the square
root of AVE to satisfy the condition of discriminant val-
idity (Fornell and Larcker 1981). Correlation analysis
was conducted following Hamilton (2006) to evaluate
whether there was no more than one correlate exceeding
0.600 and so ruling out the risk of multicollinearity.
Measurement validity, based on composite reliability
(CR) values for all constructs, ranged from 0.70 to 0.99
(Table 3) which were all above the minimum threshold
Table 2: Descriptive statistics of the study constructs.
Construct Item Mean SD Skewness Kurtosis
SI 3 3.80 0.82 −1.34 2.65
FC 3 3.02 1.05 −0.57 −0.57
PQ 3 3.50 0.88 −0.64 0.03
PE 4 4.10 0.70 −1.20 3.40
FI 4 1.79 1.34 1.25 −0.15
IU 4 4.11 0.82 −1.89 5.04
SI-Social inﬂuence; FC-Facilitating conditions; PQ-Perceived quality;
PE-Performance expectancy; FI-Farmer innovativeness; IU-Intention for
uptake of TC technology
Table 3: Validity and reliability for constructs.
Constructs Items Loadings (≥ .50)* a AVE (≥ .50)* b CR (≥ .70)*
Social inﬂuence If I am informed about TC seed by a faith-based leader in my
church/mosque, then I can use it as banana seed (SI_1).
0.917 0.854 0.990
If I am informed about TC seed by a community leader in my
village, then I can use it as banana seed (SI_2).
0.984
If I am informed about TC seed by one of the group members in
a farmer group, then I can use it as banana seed (SI_3).
0.868
Farmer
innovativeness
I use a concoction of organic pesticides (fermented human and
animal urine, wood ash and red pepper) to control pests in TC
seed (FI_2).
0.980 0.924 0.992
I use organic fertilizer (concoction of fermented human and
animal urine and wood ash) to increase the fertility of soils
where I have planted TC seed (FI_3).
0.988
I spray inorganic pesticides onto TC seed to control pests that
attack during earlier months (FI_4).
0.952
I apply wood ash around TC banana mats that have exhibited
BXW symptoms to prevent further infection (FI_5).
0.923
Facilitating
conditions
The TC nursery operator is welcoming and willingly provides
information on how to plant TC seed (FC_4).
0.991 0.814 0.834
The TC nursery operator is welcoming and willingly provides
information on how to manage TC seed (FC_5).
0.985
The TC nursery has a TC banana demonstration garden
(FC_12).
0.699
Perceived quality TC seed is BXW free (PQ_1). 0.804 0.561 0.703
TC seed is pest free (PQ_2). 0.935
TC seed has no mutants (PQ_4). 0.402
Performance
expectancy
TC seed produces many suckers (PE_1). 0.472 0.511 0.994
TC seed yields large banana bunches (PE_2). 0.888
TC seed yields bunches with large banana ﬁngers (PE_3). 0.884
Banana suckers from TC seed are highly marketable (PE_5). 0.500
Intentions to use
TC
Given the chance, I intend to use TC seed when expanding my
banana plantation(s) (IU_2).
0.935 0.824 0.998
Given the chance, I plan to use TC to gap ﬁll (IU_3). 0.955
Given the chance, I intend to use TC seed when I have no
suckers (IU_4).
0.907
Given the chance, I intend to use TC when establishing a
commercial banana plantation. (IU_6).
0.829
* Acceptable level of reliability or validity. a AVE is computed by adding the squared factor loadings divided by the number of factors of the underlying
construct. b CR = (Σλ)2/(Σλ)2+(Σδ)
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of 0.70. Accordingly, measurement validity was con-
ﬁrmed in this study. Similarly, convergent validity was
conﬁrmed, since all factor loading had values above 0.4
(Hair et al. 1998) and AVE values were also all above
0.5. Regarding the discriminant validity, the values of cor-
relates were less than the square root of values of AVE
(Table 4). Since inter-construct variance was less than
intra-construct variance, it meant that all constructs exhib-
ited distinctness from each other. Accordingly, discrimi-
nant validity was conﬁrmed. In testing for
multicollinearity, the values of correlates ranged between
0. 034 and 0.538 and were all below the minimum
threshold value of 0.60 as suggested by Hamilton
(2006). This ruled out the risk of multicollinearity.
Structural model assessment
Using Analysis of Moment Structure (AMOS) version 21
programme, the research model for this study was tested.
As recommended by Hair et al. (2006), a variety of
indices were used to test for model ﬁt, namely the χ2 stat-
istic, the adjusted goodness of ﬁt index (AGFI), the root
mean square error of approximation (RMSEA), compara-
tive ﬁt index (CFI) and Tucker-Lewis index (TLI)
(Table 5).
Further analysis was done using bootstrapping to
assess mediation relationships as well as determining
effect sizes of prediction relationships. A model-based
bootstrapping simulation of up to two thousand rep-
etitions was performed as suggested by Byrne (2010).
Notably, Byrne (2010) explained that this procedure is
important for ascertaining that the overall ﬁt is
not inﬂated because of the small sample size relative
to the degrees of freedom of the model. On effect
sizes, Cohen (1988) reasoned that effects with
values less than 0.1 are considered small, those with
less than 0.3 medium and values with 0.5 or more are
considered large. In this study, the Cohen (1988) cri-
terion of evaluating effect sizes was adopted to assess
the extent of inﬂuence the independent variables had
on the dependent variable.
Results
Sample characteristics
Results in Table 2 show that the sample of respondents
comprised more females (55%) than males (45%). Most
were married (67%) and were between the ages of 30
and 49 years (55%). Forty-six percent of the respondents
earn between UGX 1,000,000–4,999,900 annually, with
most of them (77%) having attained primary and second-
ary school education. The Baganda ethnic group is the
most dominant (92%) in the study communities and
other minor groups comprise the Basoga (2%) Bakiga
(1%) and others. (Table 6)
Structural equation model results
Figure 3 shows the results of the structural equation model
predicting the intention to use banana TC planting
materials in the control of BXW. The overall goodness-
of-ﬁt of the illustrated model, as measured by the ﬁt
indices, indicated a good ﬁt to the data. Furthermore, all
independent and mediating variables explain 28% of the
variance in intentions to use the TC banana technology
(Figure 2). The R2 value of 0.28 is higher than the 0.26
value that Cohen (1988) suggested would indicate a sub-
stantial model.
Results presented in Table 7 show that social inﬂuence
(β = 0.432; t = 7.651; p < 0.01) had a positive and signiﬁ-
cant inﬂuence on farmers’ intentions to use TC planting
materials. This ﬁnding supports hypothesis H1 implying
that social inﬂuence is a signiﬁcant predictor of farmer
intentions to use banana TC planting materials. Further-
more, social inﬂuence (β = 0.240; t = 2.720; p < 0.01)
and facilitating conditions (β = 0.340; t = 5.062; p < 0.01)
indicated a positive and signiﬁcant inﬂuence on farmer
innovativeness, conﬁrming hypotheses H2 and H4. Simi-
larly, farmer innovativeness had a positive and signiﬁcant
inﬂuence on intentions to use TC planting materials (β =
0.095; t = 2.396; p < 0.05), thus supporting hypothesis
H7 that farmer innovativeness signiﬁcantly predicts
farmer intentions to use banana TC planting materials.
Table 4: Testing for multicollinearity and discriminant validity.
Fornell and Larcker’s (1981) procedure
1 2 3 4 5 6
1. Social inﬂuence .924
2. Facilitating conditions .085 .902
3. Perceived quality .054 .124 .749
4. Performance expectancy .301** .098 .538** .715
5. Farmer innovativeness .199** .366** .167** .280** .961
6. Intent for uptake .502** .034 .134* .341** .237** .908
**P < .01, *P < .05
Diagonal in parentheses: Square root of average variance extracted from observed variables (items); Off-diagonal: Correlations between constructs
Table 5: Fit indices for the measurement model.
Model ﬁt index Baseline for Goodness of ﬁt References
χ2/df (deg. of freedom) < 3 Kline (2005); Cheng (2007)
AGFI > 0.8 Chau (1997); Cheng (2007)
RMSEA < 0.08 MacCallum, Browne, and Sugawara (1996); Chen, Kwok, and Goodson (2008)
CFI ≥ 0.90 McDonald and Ho (2002); Cleveland, Laroche, and Papadopoulos (2009)
TLI ≥ 0.90 McDonald and Ho (2002); Loibl et al. (2009)
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However, none of facilitating conditions (β =−0.044;
t =−1.043; p > 0.05), perceived quality of the TC planting
materials (β = 0.031; t = 0.574; p > 0.05) and performance
expectancy (β = 0.175; t = 1.913; p > 0.05) were signiﬁ-
cant predictors of farmer intentions to use TC planting
materials. Hence, hypotheses H3, H5 and H6 were not sup-
ported in this study, implying that facilitating conditions,
perceived quality and performance expectancy are not per-
ceived as important constructs in predicting farmer inten-
tions to use TC banana planting materials.
Extent of inﬂuence of technology-acceptance factors
Bootstrapping results (Table 8) show that the indirect stan-
dardized effects for farmers’ innovativeness (β = 0.025;
95% CI = 0.003 ∼ 0.054) in mediating social inﬂuence
to predict intention for uptake of TC planting materials
was signiﬁcant. Thus, the hypothesis (H8) that farmer
innovativeness mediates social inﬂuence in predicting
intentions for uptake of TC was conﬁrmed. Similarly,
the indirect standardized effects for farmers’ innovative-
ness (β = 0.046; 95% CI = 0.008 ∼ 0.098) in mediating
facilitating conditions to predict intention to use TC plant-
ing materials was signiﬁcant. Likewise, hypothesis (H9),
that farmer innovativeness mediates facilitating conditions
in predicting intentions to use TC, was conﬁrmed.
Results further show that social inﬂuence is the most
dominant predictor of intentions to use TC planting
materials with the largest total effect of 0.492. Addition-
ally, this ﬁnding is statistically signiﬁcant (β = 0.492;
95% CI = 0.308 ∼ 0.647) and close to the large effect
size criterion of Cohen (1988). The ﬁnding implies that
social inﬂuence predicted about 49.2% of the variance in
farmer willingness to use banana TC planting materials.
Furthermore, facilitating conditions (β =−0.016; 95%
CI =−0.159 ∼ 0.133), perceived quality of the TC planting
materials (β = 0.040; 95% CI =−0.126 ∼ 0.203), perform-
ance expectancy (β = 0.141; 95% CI =−0.068 ∼ 0.332)
and farmer innovativeness (β = 0.148; 95% CI = 0.029 ∼
0.279) respectively predict 1.6%, 4%, 14.1% and 14.8%
of the variation in the farmers’ intentions to use TC plant-
ing materials. Much as all these ﬁndings were signiﬁcant,
they fell short of meeting the medium size criterion of
effect sizes as suggested by Cohen (1988).
Table 6: Demographic characteristics of study participants.
Item (N = 248) %
Sex 45
Male 55
Female
Age
18–29 years 14
30–39 years 30
40–49 years 25
50 and over 31
Marital status
Married 67
Single 9
Widowed/Separated 16
Unmarried living together 8
Annual income (UGX)
< 1,000,000 10
1,000,000–4,999,900 46
5,000,000–9,999,900 26
10,000,000–14,999,900 13
>15,000,000 5
Education
No formal education 11
Primary school education 40
Secondary school education 37
College/University education 12
Ethnicity
Baganda 92
Basoga 2
Bakiga 1
Other (Japadhola, Bagishu, Balulu, Banyakole,
Banyarwanda)
5
Figure 3: Structural equation model.
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The effect size in the relationship between facilitating
conditions and farmer innovativeness (β = 0.310; 95% CI
= 0.192 ∼ 0.423) was signiﬁcant and fell within the cri-
terion of medium size. This ﬁnding implies that facilitating
conditions predicted about 31% of the variation in farmer
innovativeness to use the TC planting materials in control-
ling BXW. On the other hand, the effect size in the
relationship between social inﬂuence and farmer innova-
tiveness (β = 0.167; 95% CI = 0.040 ∼ 0.289) was signiﬁ-
cant but it was only meeting small size criterion. This
ﬁnding implies that facilitating conditions predicted
about 16.7% of the variation in farmer innovativeness to
use the TC planting materials in controlling BXW.
Discussion
Considering the importance of agricultural technology in
the livelihoods of farmers, it is necessary to have a
deeper understanding of the factors that are likely to inﬂu-
ence easy uptake of new technologies such as a banana
tissue culture. This study aimed to identify and examine
technology-acceptance factors that reportedly inﬂuence
the uptake of banana TC planting materials, this technol-
ogy being part of the strategy of the Government of
Uganda to control the prevalence of BXW. Based on
UTAUT, the study aimed at investigating hypotheses on
factors that were presumed to inﬂuence farmers’ adoption
and use of banana TC planting materials including; social
inﬂuence, facilitating conditions and performance. Owing
to the relevance of individuals’ innovativeness towards
acceptance of new agricultural technologies and farmers’
perceptions of the quality of proposed planting materials,
this study also examined the role of farmer innovativeness
and farmers’ perceived quality of the planting materials
and how these inﬂuence farmer intentions to use the TC
technology. The proposed model consists of explanatory
variables from UTAUT, and is extended by two additional
variables, viz; perceived quality and farmer
innovativeness. Results showed that social inﬂuence and
farmer innovativeness are signiﬁcant predictors of
uptake of banana TC technology and that social inﬂuence
was the most important among all predictors for intentions
to use the TC technology. Results point to the fact that
farmers will have positive intentions to use TC as planting
material if there is inﬂuence from a farmer’s social circle
or if a farmer is innovative and creatively integrates the
use of TC planting materials with local knowledge and
other available materials in the control and management
of BXW. This is consistent with several previous studies
(Eckhardt, Laumer, and Weitzel 2009; Amoroso and
Lim 2015; Okumus et al. 2018). The study ﬁndings
further reveal that social inﬂuence and facilitating con-
ditions inﬂuence farmer innovativeness. This indicates
that a farmer’s social circle and enabling conditions in
the use of TC are essential in stimulating farmer innova-
tiveness, an important predictor in TC planting materials
uptake. This infers that social interactions and facilitating
conditions are crucial in creating an enabling environment
for farmers to be innovative.
Another important ﬁnding is the non-signiﬁcant inﬂu-
ence of facilitating conditions in predicting farmers’ inten-
tions for use of banana TC technology. This ﬁnding may
be due to the fact that TC planting materials have been
promoted in the study area for over a decade, and even
campaigns against BXW have mainly focused on encoura-
ging farmers to use TC seedlings. In addition, TC nur-
series have been established in the study communities
and, as such, farmers are familiar with TC planting
materials and facilitating conditions, which explains why
TC may not be of relevance to them in deciding whether
or not to use them. Interestingly, this ﬁnding contrasts
with previous literature supporting the signiﬁcant effect
of facilitating conditions on an individual’s acceptance
and uptake of technologies (Venkatesh et al. 2003; Ala-
wadhi and Morris 2008; Eckhardt, Laumer, and Weitzel
Table 7: Path analysis results for testing hypotheses.
Hypotheses Standardized estimates (β) S.E t-value Decision
H1: SI – > IU 0.432 0.057 7.651** Supported
H2: SI – > FI 0.240 0.088 2.720** Supported
H3: FC – > IU −0.044 0.042 −1.043 Not supported
H4: FC – > FI 0.340 0.067 5.062** Supported
H5: PQ – > IU 0.031 0.054 0.574 Not supported
H6: PE – > IU 0.175 0.092 1.913 Not supported
H7: FI – > IU 0.095 0.040 2.396* Supported
**P < 0.01, * P < 0.05
Table 8: Boot strapping for mediation and effect sizes.
Path
Standardized effect sizes Bias-corrected 95% CI
Direct Indirect Total LL UL
H1: SI – > FI 0.167 - 0.167 0.040 0.289
H2: FC – > FI 0.310 - 0.310 0.192 0.423
H3: SI – > IU 0.467 0.025 0.492 0.308 0.647
H4: FC – > IU −0.062 0.046 −0.016 −0.159 0.133
H5: PQ – > IU 0.040 - 0.040 −0.126 0.203
H6: PE – > IU 0.141 - 0.141 −0.068 0.332
H7: FI – > IU 0.148 - 0.148 0.029 0.279
H8: SI– > FI – > IU - 0.025 0.025 0.003 0.054
H9: FC– > FI – > IU - 0.046 0.046 0.008 0.098
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2009; Lakhal, Khechine, and Pascot 2013; Ali, Nair, and
Hussain 2016). For example, Alawadhi and Morris
(2008) tested and conﬁrmed the signiﬁcant effect of facil-
itating conditions on students’ use of e-government ser-
vices and Lakhal, Khechine, and Pascot (2013) veriﬁed
facilitating conditions as a signiﬁcant determinant of stu-
dents’ intentions to use desktop video conferencing in a
distance learning course.
Likewise, performance expectancy is not a signiﬁcant
predictor of farmer adoption of TC. This is perhaps
explained by the fact that farmers have for the past
decades interfaced with TC technology and have observed
its performance on their respective farmsteads. Thus, they
are keenly aware of the beneﬁts that they can derive from
the technology and possibly rather than buy TC banana
seed, they use suckers from their TC planted mats as plant-
ing material to expand or ﬁll gaps in their banana planta-
tions. Our ﬁndings however contrast with previous
literature supporting the signiﬁcant effect of performance
expectancy on intended users’ acceptance and use of tech-
nologies (Biemans et al. 2005; Fang, Li, and Liu 2008;
Eckhardt, Laumer, and Weitzel 2009; Ali, Nair, and
Hussain 2016; Okumus et al. 2018). For example,
Biemans et al. (2005) examined nurses’ behavioural inten-
tions to use medical teleconferencing applications and
their ﬁndings reveal that performance expectancy is a
high predictor of behavioural intention. Similarly, empiri-
cal evidence from a study by Fang, Li, and Liu (2008)
shows that performance expectancy signiﬁcantly predicts
managers’ intentions to engage in knowledge sharing
using web2.0.
Conversely, the perceived quality of TC planting
materials was also found to be a non-signiﬁcant predictor
of farmer use of TC. This is probably because for the past
decade, farmers in the study communities have been inten-
sively sensitized to and trained in the importance of TC as
clean planting materials in attempts to control BXW. The
ﬁnding implies that the farmers are undoubtedly aware of
the quality of the TC planting materials, efforts that can be
attributed to the role played by agricultural extension pro-
grammes through the Government of Uganda (Barungi,
Guloba, and Adong 2015). Lastly, our ﬁndings further
reveal that the mediating role of farmer innovativeness is
signiﬁcant in enhancing the potential of social inﬂuence
and facilitating conditions in predicting the intentions of
farmers to use the TC planting materials. This means
however that farmers’ innovativeness is a critical construct
in intervening social inﬂuence and facilitating conditions
if proper prediction for use of TC planting materials is
to be made by the farmers (see also Turan, Tunç, and
Zehir 2015).
Conclusion
This study applied the UTAUT model to investigate
factors inﬂuencing the use of TC banana planting
materials as a strategy to control BXW. In attempts to
achieve this overall objective, this study further used the
constructs of farmer innovativeness and perceived
quality of planting materials to extend the theoretical
model of UTAUT. Our results have revealed that farmer
innovativeness is an important and critical factor in
inﬂuencing the adoption of any agricultural technologies;
in this case the TC banana planting materials. Farmer
innovativeness also serves as a cardinal inﬂuence in med-
iating other technological-acceptance factors, such as
social inﬂuence, and facilitating conditions for more
meaningful and accurate prediction of farmers’ intentions
to use the available quality TC planting materials with the
purpose of curbing BXW to enhance food and income
security of smallholder farmers. This study reveals critical
factors and thus expands the UTAUT framework in the
context of farmers’ use of TC planting materials by pro-
posing two additional constructs that are ideal in predict-
ing the technological acceptance behaviour among the
farming communities – i.e. farmer innovativeness and per-
ceived quality of TC planting materials. It can be con-
cluded that these two are direct determinants of farmers’
intentions to use agricultural technologies, such as
banana TC planting materials. This study provides
strong empirical insights to propose and test a model for
assessing technology-acceptance related factors that inﬂu-
ence farmers’ intentions to use promoted and approved
agricultural technologies for enhancing rural livelihoods.
This implies that the results provide a strong foundation
for application in different contexts and theoretical assess-
ments in other research ﬁelds.
Furthermore, this study offers practical implications in
relation to banana farmers and supporting institutions (e.g.
TC Laboratories and research institutions) that help in
breeding and propagating banana TC planting materials.
Concerning rural-based farmers, the research ﬁndings
also suggest that social inﬂuence needs to be taken as
the most signiﬁcant predictor in assessing their intentions
to use the new TC planting materials. This is a key impli-
cation for research and other technology promoting insti-
tutions and extension efforts for the success of future
related technologies meant for the marginalized rural
farming communities. Results recommend that new inter-
ventions, such as the banana TC planting materials, need
to be promoted through locally institutionalized mechan-
isms, like faith-based leaders, political and community
leaders and their respective members. Thus, fostering indi-
vidual and group-based forms of interactive learning (e.g.
through farmer groups, experimental gardens and exten-
sion) can act as systems for more enhanced encourage-
ment purposely to trigger the acceptance and use of
agricultural technologies, such as the TC banana planting
materials.
However, it should be noted that this research was
basically designed to investigate perceptions of farmers
towards TC planting materials with limited attention
paid to the actual measurement of farmer use of the TC
planting materials in study area. Thus, this calls for
future research efforts to focus on investigating the
actual uptake of the TC banana technology in Uganda
and elsewhere in the world. Additionally, prospective
studies may also propose comparative models for TC tech-
nology users and non-users to establish the extent to which
the intentions to use the technology differ among the two
independent groups. The study sample was limited to
Central Uganda and future studies should collect empirical
data from other banana growing regions to ascertain
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whether use of technologies like TC banana planting
materials are inﬂuenced by different ecological zones
and/or regions.
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Notes
1. An informal seed system is managed by the farmers without
the public sector (Thiele 1999).
2. A formal seed system is regulated by the public sector,
usually by an inspection process known as ‘certiﬁcation’
and controls variety release to ensure that available seed is
of a recognized variety with a low incidence of disease
(RTB 2016).
3. Nematodes, weevils, bacterial and fungal wilts (incl. BXW)
and viral diseases.
4. TC banana planting materials and TC seedlings are used
interchangeably throughout the manuscript.
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